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DIASTOLIC DYSFUNCTION 
Differentiation of Constrictive Pericarditis From Restrictive 
Cardiomyopathy: Assessment of Left Ventricular Diastolic 
Velocities in Longitudinal Axis by Doppler Tissue Imaging 
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BRIAN P. GRIFFIN,  MD,* JAMES D. THOMAS, MD, FACC,* ALLAN L. KLEIN, MD, FACC* 
White River Junction, Vermont; Hanover, New Hampshire; and Cleveland, Ohio 
Objectives. We sought to determine the utility of left ventricular 
expansion velocities in differentiating constrictive pericarditis 
from restrictive cardiomyopathy. 
Background. Several studies have shown that left ventricular 
diastolic expansion is influenced by the elastic recoil forces of the 
myocardium. These forces are affected by intrinsic myocardial 
disease but should be preserved when diastole is impaired as a 
result of extrinsic auses. 
Methods. Using Doppler tissue imaging, we measured peak 
early velocity of longitudinal xis expansion (Ea) in 8 patients with 
constrictive p ricarditis, 7 patients with restriction and 15 normal 
volunteers. Transmitral early (E) and late (A) Doppler flow 
velocities, left ventricular systolic and diastolic volumes, ejection 
fraction and mitral annular M-mode displacement were also 
compared between the groups. 
Results. The E. value was significantly higher in normal 
subjects (14.5 -+ 4.7 cm/s [mean -+ SD]) and in patients with 
constriction (14.8 _+ 4.8 cm/s) than in those with restriction (5.1 -+ 
1.4 cm/s, p < 0.001 constriction vs. restriction). There was weak 
correlation between E. and the extent of annular displacement 
(r = 0.55, p = 0.004) and the E/A ratio (r = 0.44, p = 0.03). There 
was no correlation between E. and E (r = 0.33, p = 0.07) or 
ejection fraction (r = 0.21, p = 0.26). By multivariate analysis, E, 
was the best variable for differentiating constriction from restric- 
tion. 
Conclusions. Our study indicates that longitudinal xis expan- 
sion velocities are markedly reduced in patients with restrictive 
cardiomyopathy. The poor correlation found with transvalvular 
flow velocities suggests hat E, may be relatively preload indepen- 
dent. The measurement of longitudinal xis expansion velocities 
provides a clinically useful distinction between constrictive peri- 
carditis and restrictive cardiomyopathy and may prove to be 
valuable in the study of diastolic function. 
(J Am Coil Cardiol 1996;27:108-14) 
The differentiation of restrictive cardiomyopathy from con- 
strictive pericarditis remains challenging. Although several 
clinical and hemodynamic criteria have been used to establish 
the diagnosis of these entities, surgical exploration is often 
necessary (1). Commonly used diagnostic studies, including 
Doppler echocardiography, computed tomography (CT), mag- 
netic resonance imaging (MRI) and cardiac catheterization, 
often rely on the presence of distinct hemodynamic character- 
istics observed during atrial and ventricular filling and the 
relation between these and the respiratory cycle (2-12). How- 
ever, these techniques often show overlap and have not been 
From the Veterans Affairs Medical Center, White River Junction, Vermont 
and Darmouth Medical School, Hanover, New Hampshire; and *Cardiovascular 
Imaging Center, Department of Cardiology., The Cleveland Clinic Foundation, 
Cleveland, Ohio. This study was supported in part by Grant-in-Aid 93-013880 
from the American Heart Association, Dallas, Texas (Dr. Thomas) and was 
presented in part at the 67th Scientific Sessions of the American Heart 
Association, Dallas, Texas, November 1994. Dr. Ares was supported by a 
scholarship from Fondo de Investigaciones Sanitaras, Madrid, Spain. 
Manuscript received April 14, 1995; revised manuscript received August 9, 
1995, accepted August 17, 1995. 
Address for correspondence: Allan L. Klein, MD, The Cleveland Clinic 
Foundation, Department of Cardiology, Desk F15, 9500 Euclid Avenue, Cleve- 
land, Ohio 44195. 
sufficiently validated in patients with occult disease without 
elevation of left ventricular filling pressure at rest. In addition, 
they may be unreliable in the presence of other confounding 
conditions, such as pulmonary disease and right ventricular 
systolic dysfunction. Therefore, the development of a method 
that could distinguish both entities on the basis of the intrinsic 
mechanical elastic properties of the myocardium, which are 
preserved in pericardial constriction, is desirable. Previous 
investigators (13,14) have studied the rate of posterior left 
ventricular thinning in these patients by using digitized M- 
mode echocardiography (13,14). However, because of the 
difficulty in using this method, its practical application is 
limited. 
Doppler tissue imaging, a new echocardiographic applica- 
tion recently developed for clinical use, has made possible the 
acquisition of myocardial wall velocities on-line during ultra- 
sound examination (15,16). This technology can be easily 
incorporated into conventional ultrasound equipment and can 
provide reliable data without significantly increasing the imag- 
ing time. In the present study, we used Doppler tissue imaging 
to determine the velocities of longitudinal axis lengthening, 
obtained from the mitral annular motion, in a group of patients 
with documented restrictive and constrictive heart disease. 
© 1996 by thc American College of Cardiology 0735-1097/96/$15.00 
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Table 1. Clinical Characteristics of Study Patients 
Constriction Restriction 
(n = 8) (n -: 7) 
Age (yr) 62 _+ 13 64 _+ 15 
Male 7 (88%) 6 (86%) 
Ejection fraction (%) 58 +_ 10 56 +_ 15 
Sinus rhythm 6 (75%) 5 (71%) 
NYHA functional class 3.0 _+ 0.5 3,2 _+ 0.5 
Data presented are mean value _+ SD or number (%) of patients. NYHA = 
New York Heart Association. 
Methods 
Study group. From January 1994 to June 1994, we studied 
16 consecutive patients presenting with predominant right- 
sided failure and suspected iastolic dysfunction referred to 
our echocardiographic laboratory for evaluation of the pres- 
ence of restrictive cardiomyopathy versus constrictive pericar- 
ditis. One patient was excluded because the results of cardiac 
catheterization were consistent with primary pulmonary hyper- 
tension. The remaining 15 patients (mean [_+SD] age 62 _ 13 
years; 13 men, 2 women) were categorized on the basis of 
clinical assessment and the results of all diagnostic tests, 
including cardiac atheterization, MRI, transthoracic and trans- 
esophageal Doppler echocardiography, endomyocardial biopsy 
and surgical findings. Clinical characteristics are shown in 
Table 1. We also studied a group of normal volunteers (10 
men, 5 women; mean age 42 +_ 16 years) as a control group. 
Of the eight patients with constrictive pericarditis, seven 
had the diagnosis confirmed by MRI (pericardial thickness 
>4 mm), five by surgical inspection, eight by combined trans- 
thoracic and transesophageal chocardiography (>25% respi- 
ratory variation in the mitral inflow E wave, pulmonary vein 
diastolic flow, tricuspid flow E wave and >25% decrease in 
hepatic vein diastolic flow with prominent reversal in expira- 
tion) (5). The presumed etiology of pericardial disease was 
postpericardiectcmy in six patients and idiopathic in two. Two 
patients were in atrial fibrillation. Of the seven patients with 
restrictive cardiomyopathy, four had the diagnosis of cardiac 
amyloidosis, one had nonspecific fibrosis, one had diabetic 
small vessel disease, and one had restrictive cardiomyopathy 
after cardiac transplantation. Two patients in this group were 
in atrial fibrillation. Table 2 summarizes the diagnostic findings 
in both the constriction and restriction groups. All normal 
subjects were in sinus rhythm at the time of echocardiographic 
examination. 
Eehoeardiographie examination. All patients were exam- 
ined at rest in the left lateral decubitus position. Studies were 
performed with a commercially available ultrasound system 
equipped with Doppler tissue imaging capabilities (Acuson 128 
XP/10). A 2.5-MHz transducer was used for all two- 
dimensional, M-mode and Doppler echocardiographic exami- 
nations. Two-dimensional studies were recorded from the 
parasternal long- and short-axis and the apical four- and 
two-chamber views. End-diastolic and end-systolic volumes 
were obtained from the apical four-chamber view. Ejection 
fraction was calculated off-line using Simpson's method (17). 
To obtain the displacement and velocities of left ventricular 
motion in the longitudinal axis, two-dimensional guided M- 
mode and Doppler tissue imaging examination of the lateral 
aspect of the mitral annulus was performed from the apical 
four-chamber view, at a depth of 16 cm, with simultaneous 
electrocardiographic (ECG) tracings. Ten consecutive beats 
were recorded uring apnea and stored on 0.5-in. videotape 
and high fidelity paper strips at a velocity of 100 mm/s. 
Table 2. Summary of Diagnostic Findings 
Age 
Pt No./Gender (yr) TEE-Doppler* MRI Biopsy Operation Presumed Etiology 
Constriction 
1/M 49 C C 
2/M 64 C C 
3/M 62 C C 
4/M 79 C 
5/F 66 C C 
6/M 42 C C 
7/M 71 C C 
8/M 61 C C 
Restriction 
1/M 70 R 
2/M 78 R 
3/M 39 R 
4/M 68 R 
5/M 75 R R 
6/F 64 Mixed R 
















*Transesophageal echocardiographic (TEE) diagnosis based on respiratory, variability and characteristics of 
transmittal, tricuspid, pulmonary and hepatic vein flows (see text). AM - amyloid; C = constriction; F = female; IF = 
idiopathic nonspecific fibrosis; M = male; MRI = magnetic resonance imaging; R = restriction. 
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Figure 1. Method of determining longitudinal xial velocities by 
Doppler tissue imaging. The Doppler sample volume isplaced at the 
level of the lateral mitral annulus (see text for details). LA = left 
atrium; LV = left ventricle; RA = right atrium; RV = right ventricle. 
Two-dimensional guided M-mode chocardiography. Using 
two-dimensional echocardiographic guidance, the M-mode 
cursor was angled and placed across the lateral border of the 
mitral annulus. From the paper strip recordings, the amplitude 
of the mitral annular displacement in the vertical long axis 
during the cardiac ycle was measured, and an average of 3 to 
6 beats was determined. 
Doppler tissue imaging. The spectral pulsed Doppler signal 
filters were adjusted to obtain a Nyquist limit of 15 and 20 cm/s, 
with the lowest wall filter settings and the minimal optimal 
gain, to eliminate the signals produced by the transmitral flow. 
We used a fixed sampling ate of 10 ram, placed within the 
bright lateral margin of the mitral annulus in all study subjects 
(Fig. 1). From the paper strip recordings we measured the 
peak velocity of systolic excursion and the peak early (Ea) and 
late diastolic velocities. We also determined the mean rate of 
acceleration of early diastolic expansion by dividing E, by the 
interval between the onset of diastolic excursion and the peak 
velocity. Similarly, we calculated the mean rate of deceleration 
by dividing the peak velocity by the interval between peak 
velocity and the point where it reached the baseline. The 
interval from the onset of the QRS in the ECG to the mitral 
annular velocity was also measured (Fig. 2). Three to six beats 
were averaged for each of these measurements. 
Standard transmitral Doppler flows. Standard pulsed wave 
Doppler transvalvular flow measurements were obtained at the 
mitral valve level, within 2 rain of the Doppler tissue imaging 
recordings. Normal gain and low filter settings were optimized 
to record the onset and cessation of flow, and, when possible, 
the high intensity opening and closing valve noises. Mitral flow 
was obtained from the apical four-chamber chocardiographic 
window, with the sample volume placed at the level of the 
mitral valve leaflet ips, and recorded on videotape and paper. 
Figure 2. Methods of measuring mitral annular displacement (MAD) 
from M-mode tracings, and longitudinal xis systolic velocity, early 
(Ea) and late (Aa) diastolic velocities, acceleration (Ea/tl) and decel- 
eration (E#t2) from Doppler tissue imaging (DTI) tracings. Sa = 
mitral annular systolic velocity; t = time. 
Comparison between standard Doppler and Doppler tissue 
imaging recordings. Peak velocity of early (E) and late (A) 
mitral inflow and the interval measured from the onset of the 
QRS complex on the ECG to E were compared with the 
respective longitudinal xis Doppler tissue imaging velocities. 
We also calculated the index Ea/E, with the intention of 
normalizing for potential preload effects, and compared it 
between the constriction, restriction and normal groups. 
Statistical analysis. Results are reported as mean value _+ 
SD. The annular velocities, acceleration and deceleration; 
standard transmitral flow velocities; and annular early diastolic 
velocity/mitral flow velocity index were compared between the 
different groups using one-way analysis of variance with Bon- 
ferroni's adjustment for multiple comparisons. Multivariate 
regression analysis was used to determine the independent 
predictive value of Ea in relation to age, ejection fraction, peak 
early transmittal flow velocity, E/A ratio, mitral annular dis- 
placement and systolic velocities. A p value <0.05 was consid- 
ered statistically significant. 
Results 
Doppler tissue imaging velocities. Table 3 summarizes the 
results of the longitudinal axis velocities in all groups. Peak 
systolic velocity was higher in the normal (10.5 _+ 3.6 cm/s) and 
constriction (8.4 _+ 1.1 cm/s) groups than in the restriction 
group (6.8 _+ 2.6 cm/s, p = 0.02). These velocities were linearly 
correlated with the total annular displacement by M-mode 
ecbocardiography (r = 0.77, p < 0.001). 
Peak early diastolic velocity was similar in the normal 
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Table 3. Comparison of Transmitral Flow Velocities and Mitral Annular Displacement, Velocity, 
Acceleration and Deceleration (mean _ SD) 
Normal Group Restriction Group Constriction Group 
(n = 15) (n - 7) (n = 8) p Value 
Transmitral flow 
E (cm/s) 64 ~ 15 91 _+ 14 74 _+ 14 0.002* 
E/A ratio 1.48 _ 0,6 1.3 _+ 0.5 1.7 _+ 0.6 NS 
Mitral annulus 
Displacement (cm) 1.7 _+ 0.3 0.9 _+ 0.4 1.2 _+ 0.2 < 0.001¢ 
Peak systolic velocity (cm/s) 10.5 _+ 3.6 6.8 +_ 2.6 8.4 - 1,1 0.02* 
E a (cm/s) 14.5 _+ 4.7 5.1 + 1.4 14.8 _+ 4,8 < 0,001:I: 
E a acceleration (m/s 2) 2.4 _+ 0.9 0.7 + 0.2 2.0 +_ 0.8 < 0.001:~ 
E a deceleration (m/s 2) 1.7 _+ 0.6 0.6 -+ 0.3 2.7 +_ 1.7 0.001§ 
Ea/E ratio 0.23 + 0.09 0.06 +_ 0.02 0,19 +_ 0.07 < 0.001:~ 
*Normal versus restriction. CNormal versus constriction a d restriction. :]:Restriction versus normal and constriction. 
§Constriction versus restriction. A = peak transmittal flow velocity during atrial contraction; E = peak early transmitral 
flow velocity; E, = peak early diastolic velocity. 
(14.5 _+ 4.7 cm/s) and constriction groups (14.8 2 4.8 cm/s) but 
was significantly higher than that in the restriction group (5 2 
1.4 cm/s, p < 0.001). Similar differences were found when 
acceleration and deceleration rates were compared. The Ea 
had a weak correlation with the extent of annular displacement 
(r = 0.55, p = 0.004) and E/A ratio (r = 0.44, p = 0.03). There 
was no correlation between E a and E (r = 0.33, p = 0.07) or 
ejection fraction (r = 0.21, p -- 0.26). Figure 3 illustrates 
representative samples of mitral annular displacement by 
M-mode echocardiography, the velocities by Doppler tissue 
imaging and the mitral inflow velocities in patients from each 
group. 
Transmittal flow velocities versus longitudinal axis veloci- 
ties. Peak E tended to he higher in the restriction group (91 + 
14 cm/s) than in the normal (64 2 15 cm/s, p = 0.002) or 
constriction group (74 +_ 14 cm/s, p = 0.13). These velocities 
were not correlated with Ea (r = 0.34, p = 0.07). The Ea/E 
index was significantly different in the normal (0.23 2 0.09) and 
constriction groups (0.19 m 0.07) compared with the restriction 
group (0.06 2 0.02), reaching high statistical significance (p < 
0.001). A peak E a velocity of 8 cm/s or an index of 0.11 
differentiated the patients with constriction from those with 
restriction with no overlap (Fig. 4). 
Although the onset of mitral flow and mitral annular 
Normal 
M - ~  lcm 
- tcm 
Restr ict ion 
Icm 
Constr ict io~ 
Figure 3. Representative samples 
of mitral annular M-mode tracings, 
Doppler tissue imaging (DTI) ve- 
locities in the longitudinal xis and 
transmitral Doppler flow velocities 
in a normal volunteer, a patient 
with restrictive cardiomyopathy 
and a patient with constrictive peri- 
carditis. A marked difference in 
early diastolic longitudinal axis ve- 
locities, despite similar early trans- 
mittal flow velocities, is appreci- 
ated. MV = mitral valve. 
112 GARCIA ET AL. JACC Vol. 27, No. 1 












I o ~ I= I 
I I I I I I 
60 70 80 90 100 110 
Peak early ~ velotity(~ (an/S) 
120 
Figure 4. Values of peak Doppler early transmitral flow velocity (E) 
and peak early longitudinal xial velocities (E,) in patients with 
constriction a d restriction. Mean values and 95% confidence intervals 
are shown. Although there is no significant difference in E velocities 
between the groups, E~ velocities are significantly lower in patients 
with restriction. 
motion occurred simultaneously in all groups, E a was mea- 
sured 22 2 19 ms earlier than E in the normal group and at 
5 2 13 ms earlier in the constriction group. However, in 
patients with restrictive cardiomyopathy, E a occurred 7.5 _+ 
3.5 ms after peak mitral inflow velocity (p = 0.001 for normal 
versus restriction). 
Discuss ion  
Our study results indicate that peak velocities of left 
ventricular expansion in the longitudinal axis are markedly 
reduced in patients with restrictive cardiomyopathy. We also 
found that in normal subjects and in patients with constrictive 
pericarditis, peak left ventricular expansion velocity occurs 
earlier than peak mitral flow velocity, suggesting that left 
ventricular expansion in the longitudinal axis precedes rather 
than being driven by the increasing intraventricular volume. 
This temporal relation is lost in patients with restriction. 
Myocardial motion in longitudinal axis. The characteris- 
tics of mitral annular motion were first described by Zaky et al. 
(18) using M-mode echocardiography. During systole, the 
mitral annulus descends toward the apex, with no appreciable 
motion of the apex in relation to the imaging transducer. 
Therefore, the annular displacement reflects the extent of 
myocardial fiber shortening in the longitudinal plane. Several 
investigators (19-21) previously demonstrated that the extent 
of annular displacement has a strong linear correlation with 
left ventricular ejection fraction. During diastole, the mitral 
annulus moves toward the base, producing two distinct waves 
in patients in sinus rhythm. The earlier velocity wave starts with 
mitral valve flow and reaches its peak earlier than transmittal 
flow in normal subjects. This finding supports the concept that 
the diastolic expansion of the left ventricle occurs as a result of 
the elastic recoil and promotes the flow across the mitral 
orifice into the ventricle (22). As the blood mass is accelerated, 
the inertial forces are responsible for the temporal delay 
observed. In disease states where the stored elastic recoil is 
reduced, filling occurs more passively, as a result of the 
transvalvular pressure gradient, which may in theory explain 
why E a occurred after E in our patients with restriction. 
Relation between longitudinal axis and transmitral flow 
velocities. Other investigators (23,24) have attempted tochar- 
acterize diastolic abnormalities on the basis of mitral Doppler 
flow velocity patterns. A pattern of decreased early and 
increased late mitral flow velocity, known as delayed relax- 
ation, was described with increasing age, left ventricular hy- 
pertrophy and early cardiac amyloidosis. Subsequently, several 
in vitro and animal studies (25,26) have demonstrated the 
impact that other factors, such as atrial compliance, mitral 
inertancc, and the transvalvular pressure gradient, have on 
Doppler mitral velocity patterns. Serial studies in patients with 
cardiac amyloidosis showed that with disease progression, left 
atrial pressure increases to maintain cardiac output. This 
increase results in an increased atrioventricular p essure gra- 
dient in early diastole, manifested as a prominent early trans- 
mitral Doppler flow velocity causing the Doppler pattern to 
change from that of delayed relaxation to pseudonormal and 
then to one of restrictive physiology (27). Controversy exists 
regarding whether the reduced late velocity during atrial 
contraction occurs as a result of reduced left ventricular 
compliance or a decreased atrial contractile force (28). The 
resulting mitral Doppler velocity profile, commonly referred to 
as a pseudonormal pattern, is indistinguishable from that seen 
in normal subjects. However, in our patients with restrictive 
disease, Ea remained abnormally reduced. 
Differentiation of constrictive periearditis from restrictive 
cardiomyopathy. Various hemodynamic and anatomic charac- 
teristics have been used to differentiate constrictive from 
restrictive heart disease. Vaitkus and Kussmaul (29) compiled 
studies published before 1990 and studied the diagnostic value 
of the classic hemodynamic criteria used to differentiate both 
entities. Although a difference between left and right ventric- 
ular end-diastolic pressures <5 mm Hg and a peak pulmonary 
systolic pressure <50 mm Hg correctly identified 90% of 
patients with constriction, the specificity of these diagnostic 
criteria was low, being found in as many as 30% to 75% of 
patients with restrictive cardiomyopathy. M-mode, two- 
dimensional and Doppler echocardiography have been exten- 
sively studied in both constriction and restriction. A septal 
bounce or an atrial systolic notch by M-mode echocardiogra- 
phy is frequently seen in patients with constriction (30,31). 
However, these findings may also be found in normal subjects 
(32). Tyberg et al. (2) first attempted todifferentiate constric- 
tion from restriction on the basis of left ventricular filling 
characteristics. They found that patients with constriction had 
a faster filling rate and a shorter time interval to peak filling 
rate, than those with restrictive cardiomyopathy. Other inves- 
tigators (4,33) had similar results using radionuclide ventricu- 
lographic techniques and CT scanning. However, their findings 
have not been validated in patients with early pericardial 
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disease without elevation of left ventricular end-diastolic pres- 
sure at rest or in patients with advanced restriction and marked 
elevations in left atrial pressure. Peak ventricular filling rate 
has been subsequently shown to be preload dependent (25). 
Morgan et al. (14) found that patients with constriction and 
restriction did not differ in their peak ventricular filling rate, 
but had markedly different rates of posterior wall thinning by 
digitized M-mode echocardiography. However, there was sig- 
nificant overlap in their study that may be explained by the 
difli_culty of deriving accurate and reproducible velocities from 
digitized tracings of the endocardial borders. Hatle et al. (6) 
first described the Doppler flow characteristics that are used in 
differentiating constriction from restriction. They found that 
the typical respiratory variability in the mitral and tricuspid 
flows was sensitive to the diagnosis of pericardial constriction 
and predicted the recovery after pericardiectomy. Other inves- 
tigators (11-13) reported characteristic f ndings for flows in the 
pulmonary veins, superior and inferior vena cavae and hepatic 
vein. The value of these techniques may be limited in the 
presence of certain pathologic onditions. Chronic obstructive 
pulmonary disease, mechanical ventilation and rhythm abnor- 
malities may mimic the findings of constriction (34). Respira- 
tory changes may be difficult to evaluate in patients with atrial 
fibrillation and fast heart rates. Myocardial biopsy may be 
helpful in those patients with amyloid or transplant rejection, 
but these may often reveal nonspecific findings and will not 
exclude the presence of constriction in many patients with 
mixed disease (35). Thus, patients frequently undergo explor- 
atory thoracotomy to exclude constriction. The risks of thora- 
cotomy and pericardial stripping in patients with restrictive 
disease have been documented (36). 
Present study. In the present study, we evaluated a new 
method of characterizing diastolic abnormalities in patients 
with constriction and restriction. Because primary myocardial 
disease will affect the rate of left ventricular relaxation, direct 
determination of myocardial wall expansion velocities may be 
useful in differentiating restrictive from constrictive disease. 
Because left ventricular relaxation starts before the onset of 
filling, changes in its rate may be less dependent on preload. 
Changes in the rate of left ventricular elaxation can be 
observed in either the circumferential or the longitudinal axis 
because of the architectural rray of the myocardial fibers in a 
"figure of 8." There are several advantages to using the 
longitudinal axis for measurements. Doppler recordings of the 
mitral annulus, representing the motion of the base of the 
heart, are easily obtained from the apical acoustic window. 
Because the position of the apex is fixed in relation to the 
imaging transducer throughout the cardiac ycle, the motion of 
the annulus represents the sum of the longitudinal axial 
displacement of all myocardial fibers from base to apex in an 
imaging plane. The number of individual fibers in this plane is 
significantly greater than the those that will be present at any 
location in the circumferential xis. Therefore, differences are 
amplified and are less dependent on regional variability. 
Measurement ofvelocities in the circumferential xis also has 
the disadvantage of requiring measurement of both endocar- 
dial and epicardial velocities to correct for the effects of 
translation of the left ventricle resulting from right ventricular 
interaction. 
Our data indicate that early longitudinal expansion veloci- 
ties are reduced in patients with restriction and are less 
dependent on preload conditions than conventional Doppler 
transmitral flow indexes. Because preload affects peak E 
transmitral Doppler flow velocity, if the differences in E a 
between both groups were due to differences in preload, then 
the Ea/E ratio should have been comparable between both 
groups. We propose two possible xplanations for this discrep- 
ancy: 1) The relation between transmittal velocities and volu- 
metric flow may be different in both conditions because of 
higher losses in intracavitary flow velocities due to shear in 
patients with restriction; and 2) filling of the ventricle may be 
directed preferentially in the circumferential xis in patients 
with restriction, following the path of least resistance, whereas 
in patients with constriction, expansion in this axis may be 
limited by the pericardial constraint. 
Study limitations. Our study group was small and may 
represent a skewed cohort because of the referral bias. How- 
ever, the magnitude of the difference observed in the results 
between both patient groups was striking, supporting their 
validity. 
The effect of ventricular cavity size and ejection fraction, as 
well as the presence of significant mitral regurgitation, must be 
considered when interpreting the significance of diastolic 
velocities. Although two patients with restriction had a reduced 
ejection fraction, low diastolic velocities were consistently 
found in the remaining patients with normal systolic function 
in this group. 
Potential preload effects may affect the amplitude of the 
annular velocities to an extent yet unknown. This is a subject 
that must be studied in the future. In the present study we 
attempted to correct for the potential preload effect by obtain- 
ing the mitral annular/transmitral flow velocity index because 
preload will affect the early transmitral f ow velocity. 
The utility of our method in patients with mixed constrictive- 
restrictive disease is unknown. Moreover, patients with con- 
strictive disease may also have myocardial abnormalities as a 
result of previous myocardial infarction and left ventricular 
hypertrophy, in which the intrinsic myocardial elastic proper- 
ties may be affected. The effect of advanced age in reducing 
these velocities is also unknown. 
Summary. Our study describes the use of a new echocar- 
diographic application in the study of patients with constrictive 
pericarditis and restrictive heart disease. Moreover, the deter- 
mination of myocardial velocities in the longitudinal axis by 
Doppler tissue imaging may represent a powerful noninvasive 
tool for the assessment of myocardial dysfunction i  coronary, 
valvular and hypertensive heart disease. 
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